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The purpose  of t h i s  r e p o r t  is t o  summarize s t u d i e s  performed 
under  c o n t r a c t  NAS8-33433 d u r i n g  the p e r i o d  A p r i l  14, 1979, 
th rough A p r i l  13, 1984. These s t u d i e s  have been described 
i n  monthly and annua l  r e p o r t s ,  i n  n a t i o n a l  meeting pro-  
c e e d i n g s ,  and i n  the open l i terature.  If the p r e v i o u s l y  
p u b l i s h e d  work has n o t  been r e v i s e d ,  it w i l l  be abstracted 
i n  S e c t i o n  I1 of t h i s  r e p o r t .  Revised or expanded work or 
work tha t  has n o t  y e t  been pub l i shed  w i l l  be inc luded  i n  
S e c t i o n  111. Conclus ions  and recommendations a r e  g iven  i n  
S e c t i o n  I V .  
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Abstracts of annual reports, papers published i n  conference 
proceedings, and papers published i n  the open l i t e ra tu re  are 
presented i n  chronological order below. 
Adelfang, S . I . ,  and Evans, B.A. (1980), "Vector Wind Profile 
G u s t  Model," Annual Report for Period 4/79 through 4/80. 
NASA CR-161475, Marshall Space Flight Center, Alabama. 
A s t a t i s t i c a l  model based on the gamma distribution i s  
proposed for  wind perturbations observed i n  detailed 
ver t i ca l  w i n d  profiles.  Model parameters are estimated 
from Jimsphere wind prof i le  data. Digital f i l t e r ing  i s  
used for  extraction of wind perturbation data i n  selected 
wavelength bands. The probability dis tr ibut ion of w i n d  
perturbations i n  four wavelength bands i s  derived. The 
analytical  techniques established i n  t h i s  s t u d y  are 
applicable t o  Space Shuttle launch analyses. 
Adelfang, S . I . ,  and S m i t h ,  O.E. (1981), "Vector Wind Profile 
G u s t  Model," Annual Report for  Period 4/80 through 4/81. 
NASA TM-82441, Marshall Space F l i g h t  Center, Alabama. 
The further development of a vector wind g u s t  model 
sui table for Space Shuttle launch analysis i s  
described. Emphasis i s  g iven  t o  verif icat ion of the 
hypothesis tha t  gust component variables are gamma 
distr ibuted,  g u s t  modulus i s  approximately Weibull 
dis tr ibuted,  and zonal and meridional gust components 
are  bivariate  gamma distributed. A method of testing 
fo r  bivariate gamma distributed variables i s  described, 
t w o  dis tr ibut ions for g u s t  modulus are proposed, the 
r e s u l t s  of extensive hypothesis test ing of one of the 
dis tr ibut ions are presented, and the val idi ty of the 
gamma distr ibut ion for  representation of g u s t  component 
variables i s  established. 
S m i t h ,  O.E., and Adelfang, S. I .  (19811, " G u s t  Model Based on 
the Bivariate Gamma Probability Distribution, 'I Jour. Space- 
c r a f t  and Rockets, Vol. 18, No. 6, Nov-Dec 1981, p. 545. 
Paper also presented a t  the AIAA 19th Aerospace Sciences 
Meeting, S t .  Louis, January 1981. 
The conventional approach t o  gust modeling for ver- 
t i c a l l y  r i s i n g  vehicles involves the application of a 
d i g i t a l  f i l t e r  t o  a sample of Jimsphere wind profi les ,  
defining the resulting residual amplitudes as gusts, 
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and developing s t a t i s t i c a l  summaries or  power spectra 
of the gusts. I n  t h i s  paper a new approach models the 
larges t  g u s t  amplitude and gust length using the pro- 
per t i es  of the bivariate  gamma distribution. The gust 
amplitude and gust length are strongly dependent on the 
f i l t e r  function. G u s t  amplitude increases w i t h  a l t i -  
t u d e  and i s  larger i n  winter than i n  summer. 
S m i t h ,  O.E. ,  Adelfang, S . I . ,  and Tubbs, J . D  (1982), "A 
Bivariate Gamma Probability Distribution w i t h  Application to  
G u s t  Modeling," NASA TM-82483, Marshall Space Flight Center, 
Alabama. Elements of t h i s  report were included i n  a paper 
presented a t  the American S t a t i s t i ca l  Association National 
Annual Meeting, Augus t  16-19, 1982, a t  Cincinnati, Ohio. 
This paper i s  being reviewed for publication i n  Communica- 
t ions i n  S ta t i s t i cs .  
A five-parameter bivariate  gamma distr ibut ion (BGD) 
having two shape parameters, two scale parameters, and 
a correlation parameter has been derived. This general 
BGD i s  expressed as  a double ser ies  and as a s i n g l e  
se r ies  of the modified Bessel function. This general 
BGD reduces t o  the known special case for equal shape 
parameters. The conditional distributions are of spe- 
c i a l  in teres t .  An approximating dis tr ibut ion for the 
modulus of two orthogonal independent gamma distributed 
variates  has been derived. Practical functions for 
computer evaluations for  the general BGD and for  many 
special  cases are presented. Problems i n  parameter 
estimation and hypotheses t e s t i n g  are  discussed. Appli- 
cations of the general BGD a r e  t o  be found i n  r e l i ab i l i t y  
theory, signal noise, and meteorology. I n  t h i s  paper, 
applications t o  w i n d  gust modeling for  the ascent 
f l i g h t  of the Space S h u t t l e  are i l lus t ra ted .  
Adelfang, S . I . ,  and Smith, O.E. (1983), "Information 
Retrieval from Wide Band Meteorological Data, An Example, 'I 
Proceedings of the N i n t h  Conference on Aerospace and 
Aeronautical Meteorology, June 6-9, 1983, Omaha, Nebraska. 
American Meteorological Society, Boston, Massachusetts. 
New concepts for  analysis of wind perturbations i n  ver- 
t i c a l  wind prof i les  are  applied t o  a sample of detailed 
wind profiles.  Digital f i l t e r s  are  used t o  extract 
s e t s  of band-pass f i l t e red  profi les  w i t h  essentially 
non-overlapping wavelengths. Probabilities are calcu- 
lated over different  geometric regions w i t h i n  the 
domain of bivariate  gamma distributed variables; proba- 




the observed dis tr ibut ions and a comparison i s  pre- 
sented t o  i l l u s t r a t e  the accuracy of the s t a t i s t i c a l  
model. These and other s t a t i s t i c a l  resul ts  are calcu- 
lated from samples of Jimsphere wind profi les  a t  Cape 
Canaveral, Florida, for various wavelength bands, a l t i -  
tudes, and seasons. 
4 
111. NEW OR REVISED STUDIES 
A.  Wind Perturbation S t a t i s t i c s  
i 
Design and performance analyses of launch vehicles requires 
r e a l i s t i c  assessment of w i n d  prof i le  perturbations. To 
s a t i s fy  th i s  requirement, s t a t i s t i c s  of wind perturbations 
have been calculated for two Space Shuttle launch s i t es :  
Cape Kennedy, Florida ( K S C ) ,  and Vandenberg A i r  Force Base, 
California (VAFB) . 
Data 
Three data bases are available for  analysis: two from VAFB 
and one from K S C .  A t  KSC, d u r i n g  the 1 9 6 0 ' ~ ~  there was an 
intensive Jimsphere wind prof i le  measurement program i n  con- 
nection w i t h  the Saturn/Apollo program and other NASA 
research and development e f fo r t s  (Vaughan, 1968). A data se t  
for  design and simulation studies consisting of 150 profi les  
per month was selected from the large Jimsphere data base a t  
KSC (Brown, 1978). The profi les  were subjected t o  quality 
control procedures and data editing was used when obvious 
data errors were found: t h i s  data base i s  referred to  as the 
KSC des ign  sample. 
A t  VAFB, the number and quality of Jimsphere profi les  was 
not up t o  the KSC standard so tha t  it was necessary a t  f i r s t  
t o  create detailed profi les  by supplementing available 
rawinsonde data w i t h  perturbations generated by a turbulence 
model developed by Fichtl and Perlmutter (1976) This data 
base, a lso consisting of 150 prof i les  per month, i s  known as 
the VAFB design sample. Recently, a s  more VAFB Jimsphere 
prof i les  became available, another data base was assembled 
consisting of 150 edited profi les  for each of three seasonal 
periods: winter, s u m m e r ,  and transit ion. This data base is 
referred t o  as  the VAFB Jimsphere seasonal data. 
A l l  t he  wind profi les  ut i l ized were band-pass f i l t e red  t o  
obtain perturbations i n  the 420-2470m wavelength band. This 
wavelength band, i n  combination w i t h  the w i d e  range of launch 
vehicle veloci t ies ,  t ranslates  in to  a temporal frequency 
range tha t  includes vehicle control system response modes 
and coincident s t ructural  loading A general description of 
the  d ig i t a l  f i l t e r ing  technique i s  given by Demandel and 
Krivo (1971). To obtain band-pass f i l t e red  profi les  i n  the 
420-247Om wavelength range, it was necessary t o  execute two 
low-pass f i l ters .  A schematic of the f i l t e r ing  process is 
5 
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i l l us t ra ted  i n  Figure 1. The f i l t e r  weights  are l i s t ed  i n  
Table 1. 
S ta t i s t i cs  
The purpose of the s t a t i s t i c a l  analysis is  t o  determine 
if significant differences ex i s t  i n  the magnitude of wind 
perturbations a t  KSC and VAFB. Since two data bases exis t  
for  VAFB, it i s  necessary t o  establish a basis for  choosing 
one for  future engineering application. Since the VAFB 
seasonal data i s  based on Jimsphere data, it i s  preferred a t  
the  outset  w i t h  one reservation: A t  the present time there 
i s  insuff icient  Jimsphere data t o  assemble a monthly design 
sample. If the seasonal data i s  shown t o  represent the 
expected var iabi l i ty ,  monthly data w i l l  not be required for 
engineering applications. 
The u and v component absolute perturbations i n  the 420 t o  
247Om wavelength band a t  1 2  k m  for the various data bases 
are  i l lus t ra ted  i n  Figures 2 through 6 .  There i s  a clear  
indication tha t  the largest  perturbations are observed i n  
Jimsphere w i n d  profi les  during the winter and transi t ion 
periods ( K S C  design, February and April; VAFB, winter and 
t rans i t ion)  
As i l lus t ra ted  i n  Figures 7 and 8, wind perturbation percen- 
t i l e s  based on Jimsphere profi les  a t  VAFB are larger i n  
winter and smaller i n  summer than percentiles based on simu- 
lated detailed wind profi les  (VAFB design) Thus the 
variation between winter and summer percentiles i s  much 
larger for distributions based on Jimsphere w i n d  profiles.  
The choice of VAFB data (e i the r  simulated or  Jimsphere) 
leads t o  different  conclusions when comparison w i t h  KSC data 
i s  attempted. VAFB winter percentiles are  much larger than 
KSC February design percentiles; the  reverse i s  t r u e  i f  VAFB 
January or  VAFB February design data are used. VAFB summer 
v component percentiles agree quite well w i t h  KSC July 
design percentiles; VAFB s u m m e r  u component percentiles are 
consistently larger than K S C  July design percentiles. If 
VAFB J u l y  design data are used, the percentiles are con- 
s i s ten t ly  larger for both components i n  comparison w i t h  KSC 
J u l y  design percentiles. 
A s  i l lus t ra ted  i n  Figures 9 and 10, the choice of VAFB data 
fo r  the t ransi t ion period between winter and summer also 
a f fec t s  the comparison w i t h  KSC. Distributions based on 
several t ransi t ion months were calculated from VAFB design 
data. The u component dis tr ibut ions are i n  good agreement 
w i t h  KSC design dis tr ibut ions for  April. I n  contrast, the 
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t ransi t ion indicates larger perturbations a t  the extreme 
percentiles. The v component dis tr ibut ions based on VAFB 
design data indicate smaller perturbations i n  comparison 
w i t h  K S C  d e s i g n  data: there i s  bet ter  agreement between VAFB 
t rans i t ion  and K S C  design. 
I n  conclusion, the probability dis tr ibut ion of wind pertur- 
bations a t  VAFB i s  strongly dependent on the choice of data 
base; the choice also af fec ts  the resul ts  of comparison w i t h  
K S C .  The largest  perturbations are found i n  the VAFB 
Jimsphere winter data. These perturbations are larger than 
those found i n  the K S C  design Jimsphere data base. They are 
a lso  significantly larger than perturbations i n  the VAFB 
d e s i g n  data base. It i s  recommended tha t  for future engi- 
neering applications, the VAFB design data base be revised 









Figure 2 .  Absolute u and Absolute v Component Perturbation 
a t  12  k m  (VAFB Winter, VAFB Design January, KSC 
Design February) 
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Figure 3 .  Absolute u and Absolute v Component Perturbation 







A l t i t u d e :  12 Kilometers 
T = VAFB Jirnsphere, T r a n s i t i o n  
+ = VAFB Design, N o v e m b e r  










Figure 4 .  Absolute u and A b s o l u t e  v C o m p o n e n t  P e r t u r b a t i o n  
a t  1 2  km (VAFB T r a n s i t i o n ,  VAFB D e s i g n  N o v e m b e r ,  
KSC D e s i g n  A p r i l )  
12 
1 
Wavelength R a n g e :  420-2470 Meters 
A l t i t u d e :  1 2  K i l o m e t e r s  
T = VAFB J i m s p h e r e ,  T r a n s i t i o n  
0 = VAFB D e s i g n ,  O c t o b e r  










F i g u r e  5 .  A b s o l u t e  u and A b s o l u t e  v C o m p o n e n t  P e r t u r b a t i o n  
at 12  km (VAFB T r a n s i t i o n ,  VAFB Design October, 
KSC Design A p r i l )  
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Figure 6 .  Absolute u and Absolute v Component Perturbation 
at 12  km (VAFB Summer, VAFB Design July,  KSC 























F i g u r e  7 .  Probabil i ty D i s t r i b u t i o n  of Absolute-u Component 
P e r t u r b a t i o n  i n  the 420-2470 Wavelength Band a t  





Figure 8. Probability Distribution of Absolute-v Component 
Perturbation in the 420-2470 Wavelength Band at 



















Figure 9. Probability Distribution of Absolute-u Component 
Perturbation in the 420-2470 Wavelength Band at 










Figure 10. Probability Distribution of Absolute-v Component 
Perturbation in the 420-2470 Wavelength Band at 
12 km During Transition Season 
18 
i 







The new data described i n  S e c t i o n  1 I I . A  and i n  p r ev ious  re- 
ports abstracted i n  S e c t i o n  I1 c a n  be the basis f o r  r e v i s i o n  
of e x i s t i n g  d i s c r e t e  g u s t  c r i t e r i a  g u i d e l i n e s  for u s e  i n  
aerospace v e h i c l e  development (NASA TM 78118) To enhance 
u t i l i z a t i o n ,  the g u i d e l i n e s  w e r e  established by t r e a t i n g  
g u s t s  i n  t w o  i d e a l i z e d  forms: a quas i- square  wave (QSW) 
n o n- r e p e t i t i v e  form and an  approximate  s i n u s o i d a l  form. The 
QSW form is  associated w i t h  a l e n g t h  range of 60  t o  300m: 
t h i s  i s  e q u i v a l e n t  t o  a wavelength range of 1 2 0  t o  600m for 
a p e r i o d i c  p e r t u r b a t i o n .  It i s  appropriate t o  u s e  the l a t e r  
wavelength  range  for comparison w i t h  other data. The QSW 
form has a n  ampl i tude  tha t  i s  independen t  of wavelength and 
v a r i e s  from 6 t o  9 m / s  depending on  a l t i t u d e .  A t  a l t i t u d e s  
above 1 k m ,  the ampl i tude  i s  a c o n s t a n t ,  9 m / s .  Peak-to- 
peak ampl i tudes  associated w i t h  the s i n u s o i d a l  form are con- 
sidered a t  best t o  be p r e l i m i n a r y ,  b u t  are inc luded  i n  t h i s  
d i s c u s s i o n  for comparison w i t h  the QSW form and r e s u l t s  of 
t h i s  s t udy .  The p r i n c i p a l  d e f i c i e n c y  o f  the t w o  forms is 
the  lack of suppo r t i ng  s t a t i s t i c a l  data  t ha t  j u s t i f y  selec- 
t i o n  of the g u s t  magnitudes.  The r e s u l t s  of t h i s  s t u d y  w i l l  
c o n t r i b u t e  t o  a l l e v i a t i o n  of t h i s  d e f i c i e n c y .  I n  a d d i t i o n ,  
there i s  a n  i n d i c a t i o n  t h a t  f u t u r e  discrete g u s t  c r i te r ia  
c a n  i n c l u d e  launch s i t e  and s e a s o n a l  v a r i a b i l i t y ,  i f  r e q u i r e d .  
Discrete g u s t  ampl i tudes  o b t a i n e d  from e x i s t i n g  c r i t e r i a  and 
t h i s  s t u d y  are summarized i n  Table 2 .  The 99  p e r c e n t i l e  
v a l u e s  l i s t ed  under  I V  w e r e  c a l c u l a t e d  f r o m  p e r t u r b a t i o n  
d i s t r i b u t i o n s  a t  1 2  k m .  O t h e r  d i s t r i b u t i o n s  a t  4 ,  6 ,  8, 10, 
and 1 4  k m  i n d i c a t e d  smaller p e r t u r b a t i o n  ( S m i t h  e t  a l . ,  1982)  
T h e  large p e r t u r b a t i o n s  i n  the v i c i n i t y  of 1 2  k m  are asso- 
ciated w i t h  large wind shear and f l o w  d i s t u r b a n c e s  i n  t he  
v i c i n i t y  of the j e t  stream. Estimates of the 99 p e r c e n t i l e  
discrete g u s t  ampl i tude  a t  K S C  and VAFB ( I V )  v a r y  by a fac- 
t o r  of t w o  for s u m m e r  and w i n t e r  and a factor of  f o u r  for  
the  t w o  wavelength bands (90-420, 420-2470). The w i n t e r  
v a l u e s  for  I V  are i n  f a i r  agreement w i t h  the s i n u s o i d a l  g u s t  
model (11) and the c o n d i t i o n a l  gamma d i s t r i b u t i o n  estimates 
(111). The 99 p e r c e n t i l e  o f  the observed d i s t r i b u t i o n  of 
the  largest p e r t u r b a t i o n  ampl i tude  i n  the 2-15 k m  a l t i t u d e  
range  ( V )  i s  i n  m o s t  cases s o m e w h a t  larger t h a n  the estimate 
of the 99 p e r c e n t i l e  ampl i tude  a t  1 2  k m  ( I V ) .  I t  should  be 
p o i n t e d  o u t  t ha t  Agg i s  e s t i m a t e d  i n  I V  acco rd ing  t o  the 
assumpt ions  tha t  A g o c c u r s  c o n c u r r e n t l y  w i t h  I u ' l g g  and 
Iv'  I99 and that  ? V I  199 i s  e q u i v a l e n t  t o  l u '  (99:  these 
assumpt ions  lead t o  o v e r e s t i m a t i o n  of Agg. The 9 m / s  ampli- 
t u d e  of the QSW g u s t  ( I )  seems t o  be too l a r g e  for  wavelengths  
between 120 and 600 m e t e r s .  I f  we assume tha t  the QSW g u s t  
r e p r e s e n t s  a n  extreme v a l u e  beyond the 99  p e r c e n t i l e ,  it is  
n o t  suppo r t ed  by Jimsphere data a t  either KSC or  VAFB. 
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C. Two Dimensional Wind P e r t u r b a t i o n  S t a t i s t i c s  
, 
I 
The development of a computa t iona l  model based  on Gunst  and 
Webster's (1973) e x p r e s s i o n  for  the bivariate  g a m m a  ( B G )  
d i s t r i b u t i o n  (BGD) i s  of i n t e r e s t  i n  a p p l i c a t i o n s  t o  wind 
g u s t  modeling for the a s c e n t  f l i g h t  of the Space S h u t t l e .  
S m i t h  e t  a l .  (1982)  have d e r i v e d  e x p r e s s i o n s  for probabili- 
t i e s  o v e r  d i f f e r e n t  g e o m e t r i c a l l y  shaped r e g i o n s .  These 
e x p r e s s i o n s  have been used for  c a l c u l a t i o n  of expec ted  prob- 
a b i l i t i e s  and ce l l  c o u n t s  w i t h i n  s q u a r e s  and equa l- area  sec- 
tors of the domain of the b i v a r i a t e  gamma d i s t r i b u t e d  
v a r i a b l e s .  The parameters for the BGD are c a l c u l a t e d  from 
a b s o l u t e  g u s t  component amp l i t udes ,  I u'1 and I v'I , and asso- 
ciated g u s t  l e n g t h s ,  Lu* and Lvi a t  a s p e c i f i e d  r e f e r e n c e  
a l t i t u d e .  The goodness of f i t  o f  the  model is g i v e n  prel i-  
minary e v a l u a t i o n  by comparison of the observed number of 
o c c u r r e n c e s  w i t h i n  the  cells  and the  expec ted  number i f  the 
v a r i a b l e s  are  BG. The ch i- squa re  s t a t i s t i c  i s  c a l c u l a t e d  
f o r  observed and expected c e l l  c o u n t s  > 5. - 
An example of  the s ta t is t ics  c a l c u l a t e d  for VAFB-summer a t  
1 2  km for  v a r i a b l e s  I u'l and Lu i s  g i v e n  i n  Table 3 .  An 
e x t e n s i v e  se t  of tables for  t w o  wavelength  bands (90-420 and 
420-2470 m ) ,  i n  the same format ,  i s  g i v e n  i n  Appendix A for  
February ,  A p r i l ,  and J u l y  a t  KSC and w i n t e r ,  t r a n s i t i o n ,  and 
s u m m e r  a t  VAFB. 
F ive  s t a t i s t i ca l  summaries for  each pa i r  of non-dimensional 
v a r i a b l e s  are i n c l u d e d  i n  each table. The v a l u e s  g i v e n  
across the top and a long  the l e f t  margin are for the non- 
d imens iona l  v a r i a b l e s .  These scales can  be d imens iona l ized  
by d i v i d i n g  them by the a p p r o p r i a t e -v a l u e  of B o b t a i n e d  f r o m  
Table A 1  i n  Appendix A .  For example, as i n d i c a t e d  i n  the 
uppermost m a t r i x  i n  Table 3, 3 and 4 a long  the top margin 
d i v i d e d  by B L ~  (5.0005 x l / m )  y i e l d s  v a l u e s  of 600 m 
and 800 m,  r e s p e c t i v e l y ,  f o r  Lu and,  s imilar ly ,  1 and 2 
a l o n g  the s i d e  margin  d i v i d e d  by B I (1.7866 s / m )  y i e l d s  
.56  m / s  and 1.12 m / s :  t h u s  the e n t r p g  i n  the table a t  the 
i n t e r s e c t i o n  of l e f t  margin v a l u e  2 and t o  margin 4 i n d i c a-  
t e s  tha t  there are 9 o c c u r r e n c e s  of  I u'f between .56 and 
1 .12  m / s  for Lu between 600 and 800 m e t e r s .  The expec ted  
c o u n t ,  o b t a i n e d  f r o m  the b i v a r i a t e  gamma d i s t r i b u t i o n ,  g i v e n  
i n  the second m a t r i x  y i e l d s  9.54 fo r  the same 1 x 1  ce l l .  The 
f o u r  numbers l i s t e d  a t  the  top of the  expected c e l l  coun t  
table are the BGD parameters p, Yl, Y2, and TI. It i s  indi-  
c a t e d  t ha t  the c a l c u l a t e d  v a l u e  of ch i- square  i s  based on 
o n l y  8 of the possible 100 cells:  t h i s  unaccep t ab l e  applica- 







Table 3 .  Observed and Expected (Gamma) C e l l  Counts, VAFB Summer, Jhsphere ,  12 km, 
Wavelength Range, 420-2470 m ,  Non-dimensionalized 1 u*l or Lu 
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
































Expected C e l l  Count 
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O I  
150 
3 4 5 6 7 8  
1 1 1 0 0 1  
1 1  9 10 6 1 i 
9 9 7 . 3 0 1  
2 9 5 3 2 2  
1 2 4 2 1 1  
2 i 1 1 1 0  
1 4 1 1 1 0  
0 0 1 0 0 1  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
 EL^ * LU 
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0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
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0 0 0 0 0 0 0 0 0 0 0 0  
Y1 = 2.6448 y2 = 3.8826 rl = .4335 
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5.34 3 95 
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Observed and Expected (Gamma)  Counts within Equal Area Sectors 














EXPECTED .la233 2.27353 7.98986 16.80020 26.364CS 33.12780 33.13936 23.46334 :.65151 
CHI-SOUARE- 2.74946 CELLS USED* ?(I.E..CELL COUNTS GREATER THAN OR EWkL TO 5) 
EXPECTED DISTRIBUTION 
ANGLE 10. 20. 30. 40. SO. 60. 70. 80. 90. 
CUULATIVE PROISMILITV .GO122 .0183? .OW64 .la169 .35745 .57831 .79923 .95566 1.- 




s ize ,  This could easi ly be achieved a t  KSC by grouping 
monthly data t o  obtain a seasonal sample tha t  would be a t  
l eas t  three times the s i z e  for a single month. VAFB data 
have already been grouped t o  obtain seasonal samples of 150; 
therefore, use of chi-square for  VAFB seasonal data awaits 
the resul ts  of the measurement program tha t  has been devel- 
oped t o  support future S h u t t l e  launches. 
The t h i r d  matrix contains the expected cumulative probability 
dis tr ibut ion calculated by accumulation of expected c e l l  
counts i n  the second table divided by the to t a l  sample count 
of 150; note tha t  the expected probability associated w i t h  
the 10x10 square i s  98.970 percent. 
The fourth matrix l is ts  the observed and expected ( B G )  counts 
from a sample of 150 t h a t  occur i n  10 degree equal-area sec- 
tors  i n  the I u'1 , L, domain i l lus t ra ted  schematically i n  
Figure 11. 
The l a s t  matrix l i s t s  the sector probability and cumulative 
probability for the expected ( B G )  distribution. 
Figure 11. Schematic of Equal Area Sectors 
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D. Wind Component Correlation S ta t i s t i cs  and 






The existence of zero correlation, P ,  between wind compo- 
nents would greatly simplify the theoretical  treatment of 
winds a l o f t  s t a t i s t i c s .  When winds are defined in the stan- 
dard meteorological coordinate system, the correlations are 
generally quite small: for  example, during February a t  Cape 
Canaveral, P i s  l ess  than .43 a t  a l l  a l t i tudes ( z )  below 
70  k m ,  i s  less than .29 for  z < 19 km,  and i s  less than .17 
for  z between 1 and 6 km.* I t  is generally known that ,  when 
the wind components are expressed i n  a coordinate system 
tha t  is rotated by an angle 8 w i t h  respect t o  the meteorolo- 
gical  coordinate system, the  correlation between the rotated 
w i n d  components i s  periodic: i .e . ,  
~ ( e )  = P (  e +  (1) 
Absolute extreme values are equivalent and the maximum and 
minimum values are separated by a rotation angle increment 
of ~ r / 2  (90  deg.). I f  the wind components are expressed i n  
the  meteorological coordinate system, then the rotation 
angle, 80, required t o  produce zero correlation i s  
T h e  minimum rotation angle 8 M  required t o  obtain the maximum 
correlation i s  dependent on the sign of P and 80: 
I f  P < 0 and 80 < 0 eM = eo - ~ / 4  
and 80 > 0 @M = eo + ~ / 4  
and eo > 0 
*Range reference atmosphere, 0-70 k m ,  Cape Canaveral, FL, 
Document 361-83, RCC, White Sands Missile Range. 
2 4  
' I  
I 
1 
The r o t a t i o n  a n g l e  BMA r e q u i r e d  t o  o b t a i n  the maximum abso- 
l u t e  c o r r e l a t i o n  is: 
The rotated c o r r e l a t i o n  c o e f f i c i e n t  is  g i v e n  by 
P";;q [SIN20-COS2e]  + C O S 0 S I N 0 ( ~ 2 - ~ 2 )  
( 4 )  = 
Ge 5% 
w h e r e  03;~ and qe are the rotated v a r i a n c e s  
(5) 
(6) 
2 = q 2 S I N 2 0 + O T ;  2 COS2f3+2p~~COS0SIN0 
= q 2 S I N 2 0 + S  2 COS20-2pa j ioyCOS0SIN0  
5 0  
S u b s t i t u t i o n  o f  0~ or  MA i n t o  Equa t ion  4 yie lds  the maximum 
c o r r e l a t i o n ,  PM. F i g u r e  1 2  i l l u s t r a t e s  u n r o t a t e d  and maximum 
a b s o l u t e  c o r r e l a t i o n  between 0-70 km a t  Cape Canaveral ,  
Florida, f o r  a n  annua l  data sample. The u n r o t a t e d  v a l u e s  
are s m a l l  (< .4 )  and uns teady .  The maximum v a l u e s  i n c r e a s e  
r a p i d l y  i n  the f i r s t  20 km;  the r e l a t i v e l y  c o n s t a n t  and 
l a r g e  v a l u e  of PM between 20 and 60 k m  i s  also observed a t  
other l o c a t i o n s  ( F i g u r e 1 3 ) .  P l o t s  of BMA as a f u n c t i o n  of 
a l t i t u d e  are i l l u s t r a t e d  i n  Figure14.  A t  a l t i t u d e s  above 20 
k m ,  %MA i s  n e a r l y  c o n s t a n t ,  40 degrees; from Equa t ion  3 ,  80 
i s  also n e a r l y  c o n s t a n t ,  5 degrees. A t  a l t i t u d e s  above 20 
k m ,  the choice of o r i e n t a t i o n  of the c o o r d i n a t e  system i n  
meteorology w h i c h  describes the wind v e c t o r  i n  terms of 
z o n a l  and mer id iona l  components i s  n e a r  the o r i e n t a t i o n  
r e q u i r e d  f o r  z e r o  c o r r e l a t i o n .  
The r e s u l t s  summarized h e r e i n  s u p p o r t  the conc lu s ion  t ha t  
s i g n i f i c a n t  c o r r e l a t i o n  between wind components e x i s t s  when 
winds are ana lyzed  i n  non- meteorological  c o o r d i n a t e  systems. 
This concep t  has a p p l i c a t i o n  i n  the eng inee r ing  a n a l y s i s  of 














F i g u r e  1 2 .  Unrota ted  and Maximum C o r r e l a t i o n ,  
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Maximum Absolute Correlation Coefficient 
F igu re  13. Maximum Wind C o m p o n e n t  Abso lu te  C o r r e l a t i o n  
Achieved by Ro ta t ion  w i t h  R e s p e c t  t o  the 
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F i g u r e  14. R o t a t i o n  ( D e s . )  w i t h  Respect t o  the 
Meteorological Coord ina t e  System t o  
Achieve Maximum Wind Component Abso lu te  
C o r r e l a t i o n  for a n  Annual D a t a  Sample 
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This work has produced a unique analysis of deta led w i n d  
profi les .  The resul ts  have indicated significant variabi l i ty  
of wind perturbation s t a t i s t i c s  w i t h  location, al t i tude,  
season, and wavelength range. The resul ts  provide the basis 
fo r  the establishment of improved discrete  gust design cri- 
t e r i a  guidelines for ascending launch vehicles. New analyt- 
i c a l  techniques and methods for evaluation of bivariate gamma 
probability distributions were used i n  the development of a 
vector wind gust model. These techniques may have broader 
application i n  other engineering and sc ien t i f i c  studies. 
Some aspects of the vector wind gust model present computa- 
t ional  d i f f i cu l t i e s  tha t  may not be advantageous t o  future 
users. I n  i t s  present s t a t e  of development, the model does 
not require any simplifying assumptions. It would be useful 
t o  investigate whether simplification of the model i s  possi- 
ble without a significant loss of accuracy. This would be 
accomplished by examination of sample estimates of model 
parameters t o  establ ish the val idi ty of assumptions such as 
zero correlation or equivalence of scale or  shape parame- 
te r s .  
' I t  may be desirable for  pract ical  applications t o  u s e  a l t e r -  
native models for description of gust s t a t i s t i c s .  For 
example, the Wiebull dis tr ibut ion has been shown t o  provide 
a good f i t  t o  observed dis tr ibut ions of gust modulus. U s e  
of a g u s t  model based solely on g u s t  modulus would represent 
an oversimplification of the nature of wind perturbations and 
the i r  effect  on ascending launch vehicles. Model simplifi- 
cation should not eliminate a description of the joint  rela- 
tionship between wind gust components This jo in t  rela- 
tionship i s  an important consideration i n  selection of 
r e a l i s t i c  inputs for simulation studies of vehicle control 
system response and resul tant  vehicle s t ructural  loading . 
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Table A2. Observed and Expected (Gamma) C e l l  Counts, KSC February, 
Jimsphere. 1 2  km, Wavelength Range, 90- 420 m 
Non-dimensionalized I u'l or Lu 
Observed and Expected (Gamma) Counts w i t h i n  Squares 
I 
Observed C e l l  Count 
Sample Size  = 150 
BLU * LU 
9 10 1 1  I2 13 14 IS I6 17 18 19 1 2 3 4  
I 1 6  7 4 2 
2 4 I 1  10 9 
3 0 8 1 3  6 
4 0 2 1 0  3 
5 1 3 1 3  
6 0 2 1 0  
7 0 0 0 2  
8 0 0 0 0  
9 0 0 1 0  
I I O O O O  
1 2 0 0 0 0  
1 3 0 0 0 0  
1 4 0 0 0 0  
-15 0 0 0 0 
1 6 0 0 0 0  
1 7 0 0 0 0  
1 8 0 0 0 7  
1 9 0 0 0 0  
2 0 0 0 0 0  

















































































































































































































































































































Expected C e l l  Count 
0 = .3528 Yl = 2.2586 Y2 = 2.7000 = .3914 
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
1-00 5.37 10.64 7.47 3.78 1.64 
2.00 6.10 14.76 12.65 7.61 3.82 
3.00 2.92 8.71 9.07 6.44 3.73 
4.00 1.09 3.W 4.88 4.0: 2.64 
5.00 .38 1.56 2.25 2.11 1.54 
6.00 . I 1  .S6 .94 .99 .81 
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cwi-sauA.w- ~5.aomi c u s  USED. 81 
Expected Cumulative Probab i l i ty  
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.98 .55 .2Q .I4 .k 
.56 .34 .I9 .IO .OS 
.29 .I9 .I2 .07 .03 
.I4 .IO .07 .04 .02 
.06 .05 .03 .02 .01 
.03 .02 .OB .01 .OI 
.E..CELL COUNTC, GACATER THAN OR EOUAL TO SI 
i 
1.00 Z.0C 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
1.00 .OS593 .I0676 . I -  .IR178 .I9270 .I9704 .I9867 ,199.3 .I9947 . I -  
2.00 .076*7 .&5W .37%37 .45593 .49238 .5JBI7 .514G0 .SI710 .51804 .51838 
3.00 . O S %  .32338 .51800 .63689 .69819 .72668 .73902 .7P410 .74612 ,74689 
4.00 .103.?8 .E696 .58410 ,72972 .EO839 .By710 .E6460 .E7915 .e7527 .E7653 
5.00 .IO% .36975 .SI189 .77156 .E6079 .go582 .92701 .93647 .94053 .94221 
6.00 .Ig6*3 .37426 .WCW .78892 .E8356 .93234 .95582 .96658 .97131 .97332 
7.00 .1066.1 .37576 .SP657 .79572 .W9I .94367 .%E45 .97999 .98915 .98740 
8.00 .I0671 .3m211 .W7% .M .6%6't ,94831 .97377 .98574 .99117 .99356 
9.00 .I0672 .37639 .WE41 .79918 .89RO4 .Y~015 .97594 .90814 .99371 .99618 
10.00 .I0673 .37643 . W K i  .79950 .E9656 .95086 .97680 .YE911 ,99476 .99728 
i 
i 
Observed and Expected (Gamma) Counts w i t h i n  Equal A r e a  Sectors  
Sector  Size: 10 Degrees Sample Size: 150 
4 7 3 5 6 e 9 
I 1  27 w 32 26 24 1 
I 2 
OBSERKD 0 5 
CHI-SQUARE* 
E X K C K O  1.33687 6.97547 14.439111 21.43202 26.98312 28.38213 26.08565 18.S9702 6.288*1 
5.08374 CELLS USED= 71 I .E.  .CELL COUNTS M A T E R  WAN OR EWAL TO 5) 
EXPECTED OISTRIWTION 
20. 30. 4u. 90. 60. 70. 80. 90. A W E  I O .  E W A T I V C  P R a e r e l L l T Y  .00891 .05%,1 .I5168 .29456 .4709 .66019 .8WIO .95808 1.00000 




Table A3. Observed and Expected (Gamma)  C e l l  Counts. KSC February, 
Jimsphere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized I v'l or L, 
Observed and Expected ( G a m m a )  Counts wi th in  Squares 
Observed C e l l  Count 
*' "'! 
i 
Sample Size = 150 
B L ~  LV 
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Expected C e l l  Count 
P = .2401 Y1 = 2.4888 Y;! = 2.8753 rl = .2581 
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Observed and Expected (Gamma)  Counts within Equal Area Sectors  
Sec tor  Size: 10 Degrees Sample Size: 150 
I 2 3 4 5 6 7 8 9 
OeKRVEo 0 7 13 27 28 34 21 17 3 EXEClEO 1.99453 9.17625 16.68598 22.39586 Z5.86636 i6.779.57 i3.33603 l7.c11)690 5.4sBn 
CHI-SOUIRE= 4.- CELLS USED- 11 I . E .  .CELL CMJNIS M A T E R  THAN OR EWM TO 51 
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SECTOR PROBABILITY .01323 .06117 . l l l ? i  .I4931 .17*4 .I7853 .I6237 .I1525 .03646 
A- 3 
Table A4. Observed and Expected (Gamma) Cel l  Counts, KSC February, 
Jimsphere, 12 km. Wavelength Range, 420-2470 m 
Non-dimensionalized I u'l o r  Lu 
- a  
I 
1 
Observed and Expected (Gamma) Counts within Squares 
Observed Ce l l  Count 
sample Size = 150 
B L ~  * Lu 
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Expected Ce l l  Count 
P = .2990 Y 1  = 2.3407 Y2 = 4.1985 0 = .4004 
1.00 e.00 3.00 4.00 9.00 0.00 7-00 8.00 0.00 10.00 
.TO 9.47 6.87 1.15 
.ai 5.9)  1 o . w  IO.= 
6.00 .OI . I T  -51 .e2 
7.00 .oo .05 . le .K 
9.00 .oo .oo .e .w 
.SO 3 . a  6.63 7.65 
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?ll.E..CELL COVNTS GREATER THAN OR EWAL TO 51 
Expected Cumulative Probabi l i ty  
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Observed and Expected (Gamma) Counts within Equal Area Sectors 
~ 
' Sec to r  Size:  10 Degrees Sample Size: 150 
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Table AS. Observed and Expected (Gamma) C e l l  Counts, KSC February. 
J h s p h e r e ,  1 2  km, Wavelength Range, 420-2470 m 
Non-dimensionalieed I v*l o r  L, 
i . J 
Observed and Expected (Gamma) Counts within Squares 
Observed Ce l l  Count 
Sample Size = 150 
BLV * LV 
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Expected Ce l l '  Count 
P = ,3064 y 1  = 3.1086 Y2 = 4.6700 rl = .3707 
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Observed and Expected (Gamma)  Counts within Equal Area Sectors  
Sec tor  Size:  10 Degrees Sample Size: 150 
I P 3 C I E 7 a 0 
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Table A6. Observed and Expected (Gamma) C e l l  Counts, KSC April ,  
Jimephere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized I u'l or Lu 
Observed and Expected ( G a m m a )  Counts wi th in  Squares 
Observed C e l l  Count 
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Expected C e l l  Count 
P = .3985 Y1 = 2.3865 Y2 = 3.5184 
Observed and Expected (Gamma) Counts within Equal  Area Sectors  
10 Degrees Sample Size: 150 Sector  Size:  
-- - L 1--. J.-, L CL - .  h 7 - h - - - L .  
OOSERVED 0 1 5 19 2 7  35 3 v  2 1  1 
EXPECTED .232OO 2.45327 0 . l l P 1 5  16.71816 2 5 . 9 1 4 5 8  32.49515 32.55269 23.81299 1.68131 
. .  EXPECTEr- DISTPIPUlIO4 
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Table A7. Observed and Expected (Gamma)  C e l l  Counts, KSC April, 
Jimsphare, 12 km, Wavelength Range, 90-420 m 
son-dimensionalized I vi! o r  L, 
Sample Size  = 150 
1 7 3  
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1. e&.- t .OD- .x. I C _  - 4. La 
5 . 9 6  1 4 . 2 6  12.50 ? . e a  
4.87 13 .53  q . 7 b  4 .72  
3.26 8.73 S . 5 5  5.11  
1.93 u.24 4 . w  3.52 
-56 I * & %  7.19 l . * Z  
.21 .74 .e7 . 'I1 
.O7 .29 . 4 1  . t 9  
.Ci - 1 1  - 1 6  . I 7  
- 0 1  a 0 4  .Ob . I 7  
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CHI-SPUAPE: 7.2U9fb CFLCS 
Expected Cumulative P robab i l i t y  
Observed and Expected ( G a m m a )  Counts within Equal Area Sectors  
Sec tor  Size: 10 Degrees sample size: 150 
- -  1 - 2 I--- L-- ..-: . -  6 - _  7 . - 0 
OBSERVE0 1 1 1: 16 2 5  79 2 5  2 3  1 
EXPECTED 1.87881) 9.19L29 lY.719*2 20.02629 2!.892U2 Pb.Q72?1, 25.73lPQ 25.921&.6 8.56736 
 CHI-SQUARE^ 7.67176 CrLLS USEDr TII.F..CELL COUNTS 6 Q E L l E R  TPAN OR E C U l L  10 51 
EXPCCTC_7 @ISlRIBUTI@h 
A- 7 
Table AB. Observed and Expected (Gamma) C e l l  Counts, KSC April, 
Jfmmphere, 12 km, Wavelength Range, 420-2470 m 
Non-diraensionalized I u'I or Lu 
Observed and Expected (Gamma) Counts w i t h i n  Squares 
Observed C e l l  Count 
Sample S i z e  = 150 
BLU * Lu 
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Observed and Expected (Gamma) Counts w i t h i n  Equal A r e a  S e c t o r s  
S e c t o r  Size: 10 Degrees Sample S ize :  150  
-I- . --4-1 - 5 5 6 7 8 9 
2 7 3  30 28 25 15 0ISCI)'IEO 0 IS 2 
EXPECTCO 1.00157 7.37967 l6.POI8] 25*2362* 29.96561 29.80054 2@.C0736 13.21130 2mQV285 




Table A9. Observed and Expected (Gamma) C e l l  Counts, KSC April, 
Jimsphere, 12 km, Wavelength Range, 420-2470 m 
Non-dimensionalized I vel o r  L., 
! 
. i  
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
Expected C e l l  Count 
P = .2242 y1 = 3.0288 y 2  = 3.7219 rl = .2485 
Observed and Expected (Gamma) Counts within Equal Area Sectors 
Sector S ize :  10 Degrees Sample Size: 150 
. 1. -1- 7 4 5 6 7 8 9 
OBSERVE0 0 3 9 2 1  12 37 2 1  18 I 
EXPEClEO -121193 5.19@53 15.011572 22.16125 28.@9509 30.33578 27.21198e ll.l(lS** Q.llF63 
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SECTOR CROIAIILITT .001183 .03863 .0936@ .11178 .11)731 .2"2211 .lo167 -11650 .021uO 
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Table A10. Observed and Expected (Gamma) C e l l  Counts, KSC July, 
Jimrrphere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized I u'l or Lu 
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
Sample Size f 150 
B L ~  * LU 
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1 10 
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Expected C e l l  Count 
Expected Cumulative Probabi l i ty  
Observed and Expected (Gamma)  Counts w i t h i n  Equal Area Sectors  




Table A l l .  Observed and Expected (Gamma) C e l l  Counts, KSC July ,  
Jimsphere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized 1 vel  or L, 
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
Sample Size = 150 
B L ~  LV 
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Table A12. observed and Expected (Gamma) C e l l  Counts, KSC July, 
Jimsphere, 1 2  km, Wavelength Range, 420-2470 m 
Non-dimensionalized I u'l or I, 
Observed and Expected (Gamma) Counts within Squares 
Expected Cumulative Probability 
1-00 2 - 0 0  3.90 '1.nO K.02 b . C C  7 .12  P.1d 9.03 1P.cc 
Observed and Expected (Gamma) Counts within Equal Area Sectors 
Sector Size:  10 Degrees Sample Size: 150 
7 
I t  2E 34 3 1  25 
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0 O8SERVEO 0 
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Table Al3. Observed and Expected (Gamma) C e l l  Counts, KSC July ,  
Jimsphere, 12 km, Wavelength Range, 420-2470 m 
Non-dheneionalized I v ' I  or L., 
Observed and Expected (Gamma) Counts w i th in  Squares 
Observed C e l l  Count 
Sample Size  5 150 
ELV Lv 
I v'l * I V'I  
Expected C e l l  Count 
P = .3761 Y 1  = 2.3066 Y2 = 4.1676 n = .so55 











- 1 1 b 3 7  
.99499 





- 9 9 7 2 6  
.9U915 
-.9'49y7 










Observed and Expected (Gamma) Counts within Equal A r e a  Sec tors  
Sector Size: 10 Degrees Sample size: 150 
7 9 -__ - L -  . L - - . L - . - Y  _---I- F 6 -  - 6  - - . . 
O*SCRYEO c 0 3 9 19 UC 3 5  3b 11 
EXPECTED .CSbUb .62761 1.96776 lC.53877 . iC.+6*72 31.095C5 S7.9U571 32.85693 12 .67051 
CWI-SOUIRE= 6.15256 CELLS U S r i l =  blI.F..CfLL C O U N T S  G P E d T € l l  THLN OR E F l i I L  T O  5 1  
EXPECTED C I S V I B U T I O N  
-1 c ir. _ZILL-- - I c . - - 6 I L  - L - - - k C .  90. 
CUUULI1IYE PROBABILIrY . 1 O C S l  .a0582 .n3188 . IC213 .23158 .*a578 .b9515 .PIC20 l.nOOO0 
IECTOR PROBABXLITY  ."LC31 .DO522 . lZC.c '5  .079'"6 -13640 .2C7'W - 2 9 9 3 7  .ZIP05 .08580 
A-13 
Table A14. Observed and Expected (GanuM) C e l l  COUnt8. VFSB Winter, 
Jimsphere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized I u'l or L, 
I 
I 
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
Sample Size = 150 
ELu * Lu 
I 2 3 4 S 6 7 E 9 10 I I  12 I3 I* IS I6 I? IO 19 Eo 





























































































































































































































































































































Expected C e l l  Count 
P = .3348 Yl = 2.0788 '(2 = 4.7338 rl = . S O 5 2  






















7.m E.37 6.5s 
8.53 10.69 9.5s 
4.18 6.22 6.37 
1.60 2.78 3.6'6 
.511 1.08 I.** 
. I7  .38 .57 
.os .13 .2l 
.01 .OC .07 
.oo .01 .OB 
.oo .oo .01 
8.8OS93 CELLS USED- 
*.+r 
6.W 
5 . a  
B . 9 9  






?I I .E. 
Expected Cumulative Probability 


































Observed and Expected (Gamma) Counts within Equal Area Sectors 
Sector Size:  10 Degrees Sample Size: 150 
M C  10. PO. M. YO. 50. 60. 70. 80. 90. 





Table A15. Observed and Expected (Gamma)  C e l l  Counts, VAFB Winter, 
Jimsphere, 12 km, Wavelength Range, 90-420 m 
Non-dhensfonalized I vel  o r  L, 
Observed and Expected (Gamma)  Counts w i th in  Squares 
Observed C e l l  Count 
Sample Size * 150 
BLV * LV 
I 2 3 4 5 I 7 e 9 IO i t  13 13 IC 15 16 17 10 19 rn 





























































































































































































































































































































































































Expected C e l l  Count 
P = .3205 Y L  = 1.6875 y2  = 3.0769 rl = .4858 











2.w 1a.42 N.IO 
.a7 .7z 1.7e 
.oo .os .;e 
1-04 6.71 11.17 
29 2.39 4.88 
.OP .20 -58 
.oo .01 .os 
.oo .oo .01 
.oo .oo .oo 










7 CELLS USED- 
1c.93 8.11 
5.65 9.83 
4.25 1.18 1.05 
5.09 2.- i . 4 ~  
1.88 1.t7 .7e 
3.41 2.11 1.19 
.e3 .67 .45 
.39 .K .t3 
.I6 . I Y  . I 1  
.OB .06 .05 
.02 .or .w 
.01 .OI .Ol 
ei  I .E. .WLL c m i s  ORCATER 
.49 
.73 
.62 . 4C 
.n . I5 
.04 . 02 
.01 











E O W  
Expected Cumulative P robab i l i t y  










































































TO ¶ I  
Observed and Expected (Gamma)  Counts w i t h i n  Equal Area Sectors  
Sector Size: 10 Degrees Sample Size: 150 
5 6 7 0 9 
6 e n R) YO 23 
I 2 3 4 
CHI-WXURE- 6.07990 CELLS USED- 
aSrRYf0 0 I I 
CmPCC1EO .ow73 .63967 2.604W 6.95148 13.f#rlS r'3.toLlUo 33.C57b9 40.P3S77 21).=10 






Table A16. observed and Expected (Gamma) C e l l  Counts, VAPB Winter, 
Jimsphere, 12 km, Wavelength Range, 420-2470 m 
Non-dhensionalized I u'l or L, 
Observed and Expected (Gamma) Counts wi th in  Squares 
Observed C e l l  Count 
Sample Size  = 150 
B t u  * LU 
I 2 3 4 5 6 7 8 9 I O  11 I 2  13 1Y I5 16 17 1s 19 ZO 
























































































































































































































































































Expected C e l l  Count 
P = .2802 y 1  = 2.6077 y 2  = 4.5529 rl = .3702 
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
1.00 .30 2.W 4.53 4 . S  3.4Y 2.16 1.81 .62 .SO .I4 
1.00 .96 9.22 8.69 9.70 7.99 5.46 3.29 1.81 -93 .96 
3.00 .+?6 2.69 6.22 7.82 7.11 5.31 3.96 2.04 1.12 .58 
Y.00 . I t  1.26 3.28 4.57 9.57 3.71 2.60 1.65 .98 .5S 
5.00 .04 .SI 1.47 2.27 2.47 2.17 1.69 1.11 .69 .40 
6.00 .01 .19 .60 1.01 1.20 1.13 .9Z .66 .43 .?6 
7.00 .OO .06 .PS .U2 .54 .SS .47 .36 .a .I6 
0.00 .OO .02 .08 .17 .83 .25 -83 . I 8  . I 3  .09 
9.04 .OO .OI .OS .06 .09 . I I .IO .09 .07 .05 
10.00 .OO .OO .01 .OP .04 04 05 04 03 02 









































Expected Cumulative P robab i l i t y  

















































. 9 9 m  








































Observed and Expected ( G a m m a )  Counts within E q u a l  A r e a  Sectors 
Sector Size:  10 Degrees Sample Size: 150 
Y I c 3 5 6 7 0 9 
0 3 I O  N n YY 31) 6 Q I l M o  0 
C l r c C f c D  .0831K 1.12979 4 . M 3  Il.EZ646 21.28081 tl.OEoY 36.WZVt 31.- 11.1SZOS 
CI(l-!%UME* 5.97256 M L S  v#O*  61 1 .E. ,CELL MXHTS GRCATER IWN OR EQlU TO 51 
EXPECTED 0 I STR l9UT I ON 
CUUAIl(IC VllLL t l losuI ILlTY . O O M  I .  .007- PO. .04OY 30. .11918 90. .Z6lOS SO. .96785 0. .713P( 70. .S?%S 80. 1.00000 9 . 





Table A17. Observed and Expected (Gamma) C e l l  Counts, VAPB Winter, 
Jimsphere, 12 km, Wavelength Range, 420-2470 m 
Non-dimensionalized I vel or  
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
Sample Size = 150 
BL" * LV 
I a 3 s -9 1 e 9 IO I I  12 13 14 IS 16 17 ie IO 20 


























































































































































































































































































































0 -  
0 0  
0 0  
0 0  
0 0  
0 0  























































Expected Cell  Count 
P = .2898 Y1 = 2.5709 Y2 = 4.7895 rl = .3956 
1.00 2.00 
1.00 2 2  2.1s 
r.00 *SI 3.43 
3.00 .I6 2.06 
4.00 .08 .'A' 
s.00 .oc .n 
1.00 .01 .I2 
7.00 .OO .04 
e.oo .oo .OI 
9.00 .OO .DO 










































3.00 4.00 5.00 6.00 1.00 8.00 9.o~ 10.00 
4.38 4.17 3.80 
5.41 1.41 '1.21 
1 . 1 1  1 .99 2.34 
. Y 6  .86 1.10 
.06 . I 3  2 0  
.01 .02 .03 
?.m 9.61 e.92 
e.72 4 . 1 7  4.48 
. I ?  .34 .re 
.OI .os .oe 
I .elm CELLS usro= 
3.50 1 . ~ 5  .7e .m .i9 
S.05 3.AO ? , I ?  1.1s ,% 
5.68 3.N7 2 .31  1.35 .72 
S.V9 2.04 1.W 1.13 .G4 
2,19 1.71 1.23 -79 .4? 
1 . 1 1  .95 .?I .*9 .SI 
.23 .22 . I 9  .I4 .IO 
. I O  .IO .09 .07 .05 
.04 04 .OY .03 .OS 
.w .*'I .se .n . ie  
711.r. .crLL cowis m r m n  IUN OR rwu i o  st 
Expected Cumulative Probability 
1.00 2.00 3.00 4.00 5.00 6.00 ?.OO 8.00 9.00 10.00 
1.00 .oo iw .OISM .m*sm .o -me .IOZIE .lime . i m e  . i m s  . I =  . i n s o  
4.00 .oosos .om* . is07 . m i e  .5so51 . W I O ~  .7307~ .?mi .ens38 . e i w  
s.00 .OOYIO .os* zoe- . 3 w o  .%?E .wm .?so* .e5210 .BP*I~ .go140 
e.oo . o o m  . o m  .cwoe . * o w  .5%15 .7~3eo . m a 5  .91ous .st651 . s 9 7 3  
10.00 . o o w  .06561 .ma .*ow .59747 . ~ e s  . e901  . w r e  .%sa .97rs 
2.00 .003% .040?? . I 2 5 3  .21E43 .= .3569S .S9185 . 4 l I Y ?  .4ZI74 
3.00 .OW63 .05561 .I7342 .316?4 .WBZ9 .%SI0 .60389 .6S933 . 6 5 H  .668*7 
6.00 . O M  .065W .21223 .404?9 .%B65 .729911 .826?1 .WiK .922;8 .Ihrlll 
7.00 . O M  .OM?S 2 1 3 6 1  .40?% .5935l .?3944 .E4020 .90354 ,94363 .%I18 
9.00 . O O y O  .06= .Cl423 .YO976 .59?12 .?4522 .E4613 .91SK . % I 9 6  .97343 
Observed and Expected (Gamma) Counts within Equal Area Sectors 
' Sector Size:  10 Degrees Sample Size:  150 
c 3 4 3 6 7 a 0 
0 0 e 24 27 19 41 11 I ascmT0 0 
C ~ C i t O  . O Y a l  
EHI-SWUK- 
.wim 3 . 6 ~ 0  9 . m m  19.41va zo.ssas7 se.cim m.a= IP.IWIW 
3. I%?? IXLLS USCD- Or I .E. .=LL COUNlS W A f E R  T I U N  OA EOUU TO S8 
EXPECIEO DISTRIBUiION 
ulQE IO. 20. 30. 40. so. Bo. 70. Bo. 90. 
M U A T I V I  -IC111 .OOWZ .Om00 . O m  .Om3 .4nOS .6BIBO .9140? 1.00000 






Table A l a .  Observed and Expected (Gamma) C e l l  Counts, VAFB Trans i t ion ,  
Jimsphere, 12 km, Wavelength Range. 90-420 m 
Non-dimenaionalized I u'I or Lu 
Observed and Expected (Gamma) Counts w i t h i n  Squares 
Observed C e l l  Count 
Sample S i z e  = 150 
B L ~  * LU 
I 2 3 Y s 6 7 e 9 IO 11 12 13 IY 15 16 17 ie IS 20 
l 1 2 * 4 2 3 0 1 1 1 0 0 0 0 0 0 0 0 0 0  
2 0 1 7  Y 9 S I 0  6 1 1 0 1 0  0 0 0 0 0 0 0 
3 0 0 Y 0 1 9 1 0  6 0 2 2 2 0 0 0 0 0 0 0 0 
* 0 0 2 1 s 9 2 3 2 3 1 0 1 0 0 0 0 0 0 0  
~ 0 2 0 0 2 9 Y 1 3 2 1 0 0 0 0 0 0 0 0 0  
6 0 0 0 0 2 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0  
7 0 0 0 0 0 l l 0 0 0 l 0 0 0 0 0 0 0 0 0  
9 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
e o o o o o ~ o i o o o o o o o o o o o o  
B l u ' l  * l u ' l  10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
i e o o o ~ o o o o o o o o o o o o o o o o  
Expected Cel l .Count  
P = .2768 Y1 = 2.6824 Y2 = 5.9186 17 = ,4111 
1.00 2.00 3-00 9.00 s.00 6.00 7.00 8.00 9.00 10.00 
1.00 .os .@I  2.11 3.38 3.62 3.0s 2 . 1 ~  1.59 .e .4s 
z.00 .o* 1.02 3.91 6.91 8.09 7.38 1.65 3 . m  2.39 1.38 
Y.OO .OI .a 1.28 2.79 3.911 +.a 3.81 2.97 2.09 1.35 1.00 .02 .61 a.63 5 , l e  5.68 6.63 5.SO 9.01 2.6s 1.62 
9.00 .OO . I O  .53 1.27 1.97 2.50 2.21 1.B 1.37 .o( 
1.00 .OO .03 .BO .Si? .BB 1 . 1 1  1 . W  1.01 .80 .58 
7.00 .OO .01 .07 .20 .36 .49 .% ..SI .93 .Y 
0.00 .OO .OO .02 .07 . I 9  .21 .a .2* .21 . I7 
10.00 .OO .OO .OO .01 .OB .03 .OY .05 .OS .Qy 
9.00 .oo .oo .OI .02 .os .oe . i o  . I  I .IO .oe 
CHI-SOUMI" 7 . m 1  I CELLS VSCO. Y t l  .E. .CELL COIMlS GRCAlER lHlN Q) E Q I I L  10 51 
Expected Cumulative P r o b a b i l i t y  
1.00 2.00 3.00 w.00 5.00 6.00 7.00 8.00 9.00 10.00 
Obaerved and Expected (Gamma) Counts w i t h i n  Equal  Area S e c t o r s  







Table A19. Obmerved and Expected (Gamma) C e l l  Counts. VAFB Transit ion,  
Jimsphere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized I v'l or L., 
Observed and Expected (Gamma) Counts w i t h i n  Squares 
Observed C e l l  Count 
Sample Size = 150 
B L ~  * LV 
I 2 3 4 s 6 7 e 9 IO i t  12 13 IY IS 16 17 ie 19 eo 









I O  
I 1  
IS 
I3  
I 4  























































































































































































































































0 0  
0 0  
0 0  
0 0  






































0 0  


















































Expected C e l l  Count 
P = .3?55 Y 1  = 2.2247 y 2  = 3.4006 n = .464a 









































CHI - S W A R D  
8.72 5 3 3  *.ea I . =  .57 .PS .os 
8.31 7.55 5 . a  3.11 1 . 6 ~  .eo .s 
I . =  z.01 i.es 1.n .w .SI .a 
. OE .ob .os .07 .oe .OS .os 
t e.ieem CELLS USED= IOII.E..CCLL CWTS w m n  THIN 
13.09 9.93 5.95 3.10 1.47 -61 .a 
3.96 4 . a  3.40 2.- 1.32 .YO .XI 
.BO .05 .E7 .72 .SI .33 . I 9  
. to  .33 .38 .35 .I?? .I9 . I2 
.07 . I2  . I S  . I 6  . I3  .IO .07 




-16 . I 4  
. I O  
.07 . 09 . OP 
.01 
Q) EWU 
Expected Cumulative P robab i l i t y  










c o o  
.om14 . o m  
.04211 




. m5m .045,(1 
.07E07 






































10 5 )  
Observed and Expected (Gamma) Counts w i t h i n  Equal A r e a  Sec tors  
Sec tor  Size:  LO Degrees Sample Size: 150 
UCQC IO. 20. M. 40. 50. 60. 70. Bo. 90. 
C u U A l l Y e  PawAeILITI  .OOlEO .OIW .071m . I 7 7 0 4  .SSfI!f? .%YW .76la .934?9 1.00000 
YCIOR moemiLirr .OD180 .01712 .OS96 .IO516 ,16193 .2WOO .21671 .I7311 .oMzl 
A-19 
Table AZO. Observed and Expected (Gamma) C e l l  Counts, VAFB Transition, 
Jimsphere, 12 km, Wavelength Range, 420-2470 m, 
Non-dimensionalized 1 u*{ and L,, 
i 
Observed and Expected (Gamma) Counts wi th in  Squares 
Observed C e l l  Count 
Sample Size = 150 
BLU * LU 








































































































































































































































































































































































































































I U ' l  B I  U 'I 
Expected C e l l  Count 
P = .2119 Y1 = 2.4196 y2 = 4.3057 rl = .2826 











.45 3.50 5.w 5.6s * . I 9  
.M 5.12 9,s 10.L8 9.14 
.3E 3.25 6.60 7.83 6.57 
.07 .67 1.60 2.14 C.11 
-17 1.57 s.ce 4.33 4.00 
w
2.  .w .a .w .97 1.02 
.01 .IO .n .*a .46 
.oo .o* .IO . I t  .20 
.OO . O l  .Ob .07 .Om .oo .oo .01 .os -03 
CMl-souuL* 1. IC153 C U L S  LlSEO- 
2.65 I.W .7e 
w e  3 . a  1.81 
4-73 3.01 1.78 
3.07 2.08 1.- 
1 . 2  1.23 .EO 
.BE .E8 .ur) 
.*2 .33 .a 
.I9 . I6 . I t  
.OS -07 .06 
.W .OS .03 






















E O W  I l l53 o
i 
m TO 58 
Expected Cumulative P robab i l i t y  












. O O ~  








.OZ?IOI . CSRZ . o m 1  






. I 6 5 1  I 
.23333 

































. m g o  
. e w o  . e.ms!i 




























I . .. 
Observed and Expected (Gamma) Counts within Equal  Area Sectors  
Sec tor  Size: 10 Degrees Sample Size: 150 
A-20 
Table A21. observed and Expected (Oamma) C e l l  Counts, VAFB Trans i t ion ,  
Jimsphere, 12 km, Wavelength Range, 420-2470 m 
Non-dimenaionalized I v'l or L, 
Obaerved and Expected (Ganuna) Counts within Square8 
Observed C e l l  Count 
sample Size  = 150 
B L ~  * LV 
I a 3 c s 7 a 9 IO II IE 13 IY 15 16 17 ia 19 m 










I 1  
IS 
13 
I 4  
I5  
I6 
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Expected C e l l  Count 
P = .2063 y1 2.4816 Y2 = 3.3918 n =  .2412 
1.00 2.00 3.00 c.00 5.00 6.00 7.00 8.00 9.00 10.00 
3.00 I.= 6.91 8.05 7.55 5.11 3.02 1.63 .a3 .bo . la  
6.00 .IS .7l 1.17 1.22 1.00 .71 .w .a .m .oa 
1.00 1.56 5.70 6.F) 4.99 Z.6Z 1.36 .65 .Z9 . I 3  .OS 
2.00 1.W 9.90 11.77 9.lb 5.N 3.17 1.61 .77 .SS -15 
C.00 .79 3.63 5.1Y C.67 3.39 2.13 1.22 .65 a 3 3  -16 
5.00 .PI 1.68 2.58 2.50 1.93 1.29 .7E .4Y 2 3  .It 
7.00 .05 .29 .SO .E4 .49 .% .Pi .I5 .09 -05 
0.00 .W .11 .ZI 25 .ZZ -17 . I E  .OB -05 -03 
9.00 .01 .ow .oe . t o  . I O  .08 .w .m .oa .01 
10.00 .oo . O t  .os .m .oI( .04 .os .OE .Ol .01 cni-saucrr- 16.89015 crus ustp a1 1 .E. .CELL c o w s  O R c m i l  WAN OR rwu IO 51 
Expected Cumulative P robab i l i t y  











Observed and Expected (Gamma) Counts within Equal Area Sectors  
Sec tor  Size: 10 Degree8 Sample Size: 150 
A-2 1 
a 
Table A22. Observed and Expected (Gamma) C e l l  Counts,  VAFB Summar, 
Jimsphere, 12 h, Wavelength Range, 90-420 m 
Non-dimensfonalized I u.1 or Lu 
Observed and Expected (Gamma) Counts within Squares 
Observed C e l l  Count 
Sample Size  = 150 
B L ~  LU 
I 2 3 4 5 6 7 8 0 IO I 1  I2 13 I9 IS 16 17 I8 19 e0 
1 3 1 6 s 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 9 1 1 0 1 4  4 4 I I O  0 0 0 I O  0 0 0 0 0 
3 0 2  1 3 1 0 9 6 3  3 1 2 1 0 0  0 0 0 0 0 0  
s 0 0 0 0 2 4 3 3 0 0 0 0 0 0 0 0  
4 0 0 1 2 2 s 3 2 1 3 0 0 0 0 0 0 ~ ~ ~ ~  
. _ . . _  0 o o l o Z r o o r o o o 0 0 o ~ o i i i  
7 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~  
m o o o o o o o o o o o o o o o o o i o i  
B l U ' l * l U ' l  1 0 0 0 0 0  I O  I 0 0 0 0 0 0 0 0 0 0 0 0 0  
l 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0  
l ~ o o o o o o o o o o 0 o o o o o o ~ o i  
1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
M O O O O O O O O O O O O O O O O O O O O  
1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
I 8 0  0 0 1 0  0 0 0 0 0  0 0 0 0  0 0 0 0 0 0  
1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
Expected C e l l  Count 
P = .3090 Y 1  = 2.5139 y2  = 5.0005 rl = .435a 
1-00 2.00 3.00 C.00 1.00 6.00 7.00 8.00 9.00 10.00 
.I7 
.22 
.IO . 04 








.01 . 00 . 00 
-5aJhnE- 
2.87 1.72 .Or .48 
6.SS 4.28 2 . S  1.37 
5.98 4.23 2.88 I . %  
3.30 3.01 2.06 1.29 
1.05 .9s .7s .53 
.47 .46 .39 .30 
.20 .21 .I9 .IS 
.08 .09 .09 .07 
.03 .OC .oY .OS 
2.14 1.80 I . =  .m 
SII.E..CELL c o w s  mmrn TW 








.03 on EQUC 
Expected Cumulative P robab i l i t y  













.00331 . o o m  
.00363 
. O O M  
. O O M  








. o m 1  
. o r a  




















Observed and Expected (Gamma) Counts within Equal A r e a  Sectors 
Gector Size:  10 Degrees Sample Size: 150 
I c 3 4 5 6 7 m 9 
Q Q M O  0 0 3 5 17 .?a 48 w 1 
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Table A23. Observed and Expected (Gamma) C e l l  Counts, VAFB Summer, 
Jimsphere, 12 km, Wavelength Range, 90-420 m 
Non-dimensionalized I v*I or  L,, 
Observed and Expected (Gamma) Counts wi th in  Squares 
Observed C e l l  Count 
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Expected C e l l  .Count 
P = .3368 Y 1  = 2.4416 Y2 3.3521 n = -3947 
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Observed and Expected (Gamma) Counts within Equal Area Sectors 
Sector Size: 10 Degrees Sample Size: 150 
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Table A24. Observed and Expected (Gamma) C e l l  Counts, VAPB Summar, 
Jimsphere, 12 km, wavelength Range, 420-2470 m r  
Non-dimensionalized I ual or I, 
Observed and Expected (Gamma) Counts w i th in  Squares 
Observed C e l l  Count 
Sample Size  = 150 
B L ~  LU 
1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 
1 4 8 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0  
3 0 1 9 9 7 3 0 1 2 0 0 0 0 0 0 0 0 0 0 0  
4 0 1 2 9 5 3 2 2 0 0 0 1 0 0 0 0 0 0 0 0  
5 0 0 1 2 4 2 ~ 1 0 0 0 0 0 0 0 0 0 0 0 0  
7 0 0 1 4 1 1 9 0 0 0 0 0 0 0 0 0 0 0 0 0  
' 8 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0  
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0  
1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 1 1 1 1  9 1 0  6 1 1  0 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 2 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0  
B I u ' l  * l u l l  10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  











1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 0 0  9 0 0  
93 4 39 5 34 3 95 2 29 1 15 53 23 10 
1 37 7 66 1 1  08 9 54 6 30 3 54 1 79 84 37 
71 4 85 8 41 8 47 6 41 4 05 2 27 I 16 56 
27 2 21 4 54 5 28 4 53 3 20 1 97 1 10 57 
09 86 2 05 2.72 2 62 2 05 1 38 84 47 
03 30 82 1 24 1 33 1 34 84 55 33 
01 10 31 52 61 58 46 33 21 
00 03 1 1  20 26 27 23 18 12 
00 01 04 07 1 1  12 1 1  09 07 
00 00 01 03 04 05 05 04 03 
CHI-SOUARE. 6 41015 CELLS USED- 8 ( 1  E .CELL COUNTS GREATER THAN 
Expected Cumulative Probabi 1 i t y  
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Observed and Expected (Gamma) Counts within Equal A r e a  Sec tors  
Sector Size: 10 Degrees Sample Size: 150 
1 2 3 4 5 0 7 8 9 
O.ttWE0 0 0 8 13 31 36 31 26 5 
CVECTEO .lo233 2.273SJ 7.0.0.6 10.wI)H) 26.- 33. 12780 33.13930 23.46334 0.65151 
CHI-SQUIffE- 2.74946 CELLS USEO. 7(X.€..C€LL COUMlS GNATER THAN OR €OVAL 10 5 )  
EXPECTED OISTRX8UTXON 
10. PO. 30. 40. 50. Bo. 70. so. Bo. A N M C  
UMULATIVE PROEAIIILITI .00122 .Of037 .06W .I8169 .3S74S ,57831 .79923 .95566 1 . M ) o  





Table A25. Oblrerved and Expectsd (Gamma) C e l l  Counts, VAFB Summar, 
Jimsphere, 12 h, Wavelength Range, 420-2470 m 
Nan-dimensionalized I vel  or L, 
Observed and Expected (Gamma) Count8 within Squares 
Observed C e l l  Count 
Sample Size = 150 
B L ~  * LV 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1 4 9 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 0 3 8 2 5 2 4 2 0 0 0 0 0 0 0 0 0 0 0 0  
3 0 4 13 6 10 5 4 1 0  1 0 0 0 0 0 0 0 0 0 0 
4 0 1 6 4 5 4 3 2 0 2 0 1 0 0 0 0 0 0 0 0  
5 0 0 2 4 3 3 1 3 0 0  0 0 0 0 0 0  
6 0 0 0 5  2 1 1 0 2  O x 8 x ' x O O O O O O  
7 0 0 0 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  
8 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
l 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
BIV'I * l v ' l  io 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Expected Cell  Count 
P = .3390 Y1 = 2.9615 Y2 = 4.1560 rl = .4016 
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
1 . 0 0  .43 2.49 
2.00 .86 5.71 
3 .00  .55 4.32 
4.00 .25 2.25 
5.00 .09 .97 
6.00 .03 .37 
7.00 .01 .13 
8.00 .00 .04 
9.00 .OO .01 
10.00 .OO .OO 
CHI-SOUARE' 
3.47 2.81 1.75 
9.19 8 .51  5.95 
8.11 8.62 6.80 
4.88 5.90 5.21 
2.41 3 .21  3.22 
1.05 1.60 1.73 
.42 .71 .84 
.16 .29 .38 
.06 .12 .16 
.02 .o* .07 
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,53411 .70768 .62632 ,90352 .94685 .97038 .98257 
.53456 .70857 ,82971 .9(N43 .94920 .97306 .98549 
TO 5) 
Observed and Expected (Gamma) Counts within Equal Area Sectors 
Sector Size:  10 Degrees Sample Size: 150 
1 2 3 4 5 6 7 8 9 
-SERVED 0 0 5 24 ' 26 35 33 26 1 
EXPECTED .16871 2.36625 8.62914 18.18014 28.08763 34.24971 32.5HM1 20.91976 4.63765 
CHI-SOUARE- 4.79338 CELLS USED- d(I.E..CELL COUNTS GREATER THAN OR EQUAL TO 5) 
EXPECTED OISTRI8UTlON 
IUOLE io. 20. 30. 40. 50. 60. 70. 80. 90. 
W L A T I V E  PRDBMILITY .00112 ,01690 .07443 .19570 .38295 .61128 .82828 .96775 1.- 
SECTOR P~ALI1LITV .001t2 .01578 .OS753 .12127 .in725 .a2833 ,21701 .13947 .0322S 
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